Cell surface proteins of phase I cultures of Bordetella bronchiseptica strains from various species of animals were compared with those of isogenic phase III cultures by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. A protein band with a molecular mass of 74 kilodaltons was found only in various phase I cultures. This protein disappeared in parallel with antigenic modulation and had strong antigenicity. We found it to be an appropriate phase-shift marker for two reasons: it was readily extracted and recognized, and it was specifically identified by its distinct antigenicity.
Bordetella bronchiseptica, a respiratory pathogen of animals, has been isolated from numerous species, including pigs, dogs, cats, monkeys, and laboratory animals, as well as from humans (5) . The virulent phase I of Bordetella species degrades to avirulent phase III, with accompanying changes in colony morphology and antigenic properties (5, 19) . As a result, it loses the various virulence factors such as dermonecrotic toxin (6, 20) , adenylate cyclase (2, 3), hemagglutinin (1) , and surface components which facilitate its adherence to the respiratory epithelium (9, 22) . Since most of these factors were found on the surface of phase I cells, changes in surface proteins are expected during phase degradation. However, little is known about this alteation of B. bronchiseptica (4, 18) .
In this paper, we describe a novel surface protein with a molecular mass of 74 kilodaltons (kDa) that is applicable as a phase-shift marker of B. bronchiseptica.
The strains used in this study are listed in Table 1 . The stable, nonreversible phase III variants of the strains were obtained after the strains had been cultured in the presence of crystal violet (8) . The phase I-specific antiserum was obtained by immunization of rabbits. The rabbits were injected subcutaneously with the Formalin-inactivated phase I suspension of strain H-16 in Freund complete adjuvant (Nakarai Chemicals, Ltd., Kyoto, Japan). The resulting antiserum was absorbed by phase III cells of the same strain.
The strains and their variants were streaked onto BordetGengou medium (Difco Laboratories, Detroit, Mich.) containing 15% defibrinated horse blood (BGA) and incubated at 37°C for 48 h. One loopful of cells from the BGA culture was inoculated into a 500-ml bottle containing 20 ml of modified Stainer-Scholte medium (MSS) (7) . After incubation for 48 h at 37°C with shaking (200 rpm), 0.1 ml of the culture was added to 250 ml of MSS in a loosely capped 1-liter culture bottle, and the cells were cultured in the same manner. To induce antigenic modulation (i.e., reversible phenotypic or antigenic alteration), we grew the strains at 37°C for 48 h in MSS containing 20 mM MgSO4.
Cell surface extract (CSE) was prepared by the method which was generally used to extract the capsular or fimbrial antigens of Escherichia coli (10, 17) . Briefly, cells were collected by centrifugation and then suspended in 0.1 M Tris * Corresponding author.
hydrochloride buffer (pH 8.0). They were adjusted to 1011 CFU/ml by measurement of the A620 with a spectrophotometer (model UV-240; Shimazu Corp., Kyoto, Japan) and heated at 60°C in a water bath for 30 min. The suspensions were cooled and centrifuged at 10,000 x g for 30 min at 4°C. The supernatants were saved as CSEs and used for the following analyses.
First, the CSEs from phase I and phase III cultures were subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) in a 12% acrylamide gel (12) . The gel was stained with Coomassie brilliant blue R-250 (Tokyo Kasei Kogyo Co., Ltd., Tokyo, Japan). Certain protein bands with a molecular mass range of 45 to 93 kDa were specific to phase I cultures when compared with isogenic phase III cultures (Fig. 1) . One of them, with a molecular mass of 74 kDa, was the major band and was common to all phase I cultures. Although a weakly staining protein band in the region of the 74-kDa protein was observed in the phase III cultures of strains H-16, H-4, BC-10, and RT-1, its molecular mass was approximately 71 kDa. We studied the 74-kDa protein for two reasons: the extraction method for 
